We report the experimental generation and dynamic trajectory control of plasmonic Airy beams (PABs). The PABs are created by directly coupling free-space Airy beams to surface plasmon polaritons through a grating coupler on a metal surface. We show that the ballistic motion of the PABs can be reconfigured in real time by either a computer addressed spatial light modulator or mechanical means.
Surface plasmon polaritons (SPPs) have been studied extensively for many decades due to their abilities to highly enhance optical fields and manipulate light at an extremely small scale beyond the diffraction limit [1] . To manipulate SPPs over a metal surface, which is essential for building ultracompact integrated photonic circuits, different plasmonic elements such as waveguides, lenses, and beam splitters have been proposed [2] [3] [4] . However, they all rely on fabricated permanent nanostructures, which are difficult to reconfigure. Recently, nondiffracting Airy beams [5, 6] have been theoretically proposed for routing plasmon waves over a metallic interface [7, 8] . In comparison with traditional twodimensional nondiffracting beams [9] , such Airy beams represent the only possible nondiffracting wave packets in one-dimensional (1D) planar systems [10] . In addition to the nondiffracting and self-healing properties [11] , the propagation of Airy beams exhibits an unique selfbending behavior in the absence of any external potential, which has been exploited for many applications [12] [13] [14] .
In this Letter, we experimentally demonstrate the generation and dynamic control of plasmonic Airy beams (PABs). By directly coupling 1D Airy beams from free space to SPPs on a metal surface through a grating coupler, we show that the excited PABs can propagate along parabolic trajectories while maintaining the nondiffracting nature. Furthermore, we demonstrate the capability of dynamic routing of SPPs by controlling the ballistic motion of the PABs with either mechanical adjustment of the launch condition or a computer addressed spatial light modulator (SLM). This provides a novel approach to manipulate the flow of SPPs without any waveguide structure over metallic surfaces against surface roughness and defects, even getting over obstacles, which is promising for applications in reconfigurable optical interconnections and on-chip nanoparticle tweezing.
The experimental setup is schematically depicted in Fig. 1 . To excite PABs, we first generate a 1D Airy beam in free space (λ ¼ 820 nm) with a cubic phase mask provided by a computer addressed SLM and Fourier transformation through an objective lens O 1 (20X; NA ¼ 0:75) [6, 11] . Then it is directly impinged onto a grating with a period of 805 nm, line width of 400 nm, and height of 80 nm fabricated by electron beam lithography on the top of a 50 nm thick gold film resting on a quartz substrate (see Fig. 1 ). The polarization of the beam is adjusted to be perpendicular to the grating through a halfwave plate. The excited PAB is directly monitored via leakage radiation microscopy [4] with an oil immersion objective lens O 2 (40X; NA ¼ 1:3) and a CCD camera. In order to dynamically modulate the path of the PABs, as depicted in the inset of Fig. 1 , we introduce either mechanical transverse (δ ox ) [15] and longitudinal (δ oz ) displacements of the objective lens O 1 or computer controlled displacements of the transverse positions of the input Gaussian beam (δ g ) and the cubic mask (δ m ) with respect to the optical axis of O 1 [16] .
Following similar theoretical treatments to those described in [5, 15, 16] and taking the paraxial approximation, an excited PAB can be determined (assuming the position of the grating coupler is at y ¼ 0) by 
ϕðx; yÞ
where
Ai denotes the Airy function, the coordinates x and y are respectively normalized by an arbitrary transverse scale x 0 and kx 2 0 , k is the wave vector of SPPs at a wavelength of 820 nm, α is the exponential truncation factor, β is the decay constant due to the loss of the system, and d ¼ 2f 2 =½kx 2 0 ðl − f Þ determines the quadratic phase factor due to the Fourier transform process with O 1 , f is the focal length of O 1 , l is the distance between the cubic phase mask and O 1 , and v ¼ kθx 0 is associated with the tilt angle θ due to δ ox . Without taking into account of the loss and quadratic phase factor, i.e., Q ¼ 1, we can readily obtain the trajectory of the PABs as
with the peak intensity occurring at
Equation (2) indicates that, similar to the freespace cases, without any modulation, a truncated PAB undergoes parabolic motion with peak intensity at the beginning of the beam path [5] [6] [7] . The tilt of the input free-space Airy beam v introduced by the transverse displacement of O 1 (δ ox ) only influences the trajectory of the Airy beam, while its peak intensity position is unchanged [15] . However, the longitudinal displacement of O 1 (δ oz ) can modulate the beam path while setting the peak intensity position always at the maximum height of the trajectory. In addition, by manipulating the displacements of the input Gaussian beam δ g and the cubic phase mask δ m with the computer addressed SLM, we can set not only the PAB into a general ballistic motion but also its peak intensity to different positions along the curved beam path [16] . However, due to the existence of the loss and quadratic phase factor ðjQj ≠ 1Þ, such PAB control is modified. Specifically, the loss of the system and the quadratic phase factor at d < 0 always bring the peak intensity position toward the launch grating. However, when d > 0, the phase factor tends to set the peak intensity position close to the apex of the trajectory.
To perform experimental demonstrations, we start from the excitation of PABs without any additional modulation. Figure 2(a) shows the intensity pattern of a typical free-space Airy beam after the SLM and O 1 . A SEM image of the grating coupler is shown in Fig. 2(b) . For dynamic control of the PAB, we first introduce a tilt angle θ to the input free-space Airy beam at the grating coupler as illustrated in inset (a) of Fig. 1 , while keeping the other conditions unchanged. By continuously moving O 1 along the x direction with respect to the optical axis of the system, the tilt angle can be gradually changed, resulting in a real-time change in the beam trajectory without any retardation. Two typical experimental results at θ ¼ 7°and 28°are displayed in Figs. 3(a) and 3(b) , respectively. Apparently, the trajectory of the PAB is switched into a general ballistic one by the tilted excitation, while the peak intensity is always kept at the beginning of the trajectory. Such tiltedexcitation-induced control agrees with our theoretical analyses from Eq. (1), confirmed by the numerical simulations as shown in Figs. 3(c) and 3(d) .
Similarly, by introducing a displacement to the Fourier lens O 1 along the longitudinal z direction as illustrated in inset (b) of Fig. 1 , we can modify the ballistic motion of the generated PAB. Specifically, when O 1 moves closer to the grating coupler, the trajectories will be switched into general projectiles with different maximum heights and ranges. Figure 4 (a) displays a typical experimental result, with the corresponding simulation shown in Fig. 4(b) . Apparently, the beam propagation range is enlarged along the horizontal direction in comparison with the PAB shown in Figs. 2 and 3 . In addition, the peak intensity always occurs before the theoretically predicated position, i.e., the apex of the trajectory. Such deviations result from the loss and the quadratic phase factor determined by Q.
Finally, we demonstrate the computer controlled routing of SPPs by offsetting of the cubic phase mask and the input beam inside the SLM [see inset (c) of Fig. 1] , which offers us an alternative method to perform dynamic control without any mechanical movement of lenses. To control the displacement of the phase mask and the input beam, we display an animation of the shifting mask pattern as well as a shifting slit aperture in the SLM. The direction and the speed of the displacement can be controlled at ease. Note that, unlike the approach used in [16] , here we use a wide beam illumination onto the SLM, with a computer generated aperture overlaid onto the phase mask. Thus we equivalently modify the beam position. It provides the full control of the Airy beam with computer addressed SLM. In our experiment, as expected from the theory, simply by moving the phase mask, the trajectory is turned into a general ballistic one. By manipulating the beam position, we can indeed move the peak intensity toward the descending side of the parabolic curve. However, in our current experimental setting, such control is challenging, due to the nontrivial quadratic phase factor and the loss. Figures 4(c) and 4(d) show one example of our computer based control, from which we can see that the trajectory of the PAB exhibits a typical ballistic trajectory, and the peak intensity is set at the maximum height of the trajectory. With such a trajectory, it can be expected that SPPs should be able to be redirected at a target along a curved path, surpassing certain obstacles as illustrated in Figs. 4(c) and 4(d).
In summary, we have generated PABs and demonstrated the capability of dynamic control of their ballistic trajectories. Along with the inherent self-healing property of nondiffracting beams, we expect our results could be directly applied for on-chip directional routing of SPP energy along arbitrary trajectories [17] and dynamic manipulations of nanoparticles on metal surfaces [18] . Moreover, our method may be directly employed to excite other types of nondiffracting surface waves, such as surface phonon polaritons and acoustic surface waves.
Note: In finishing this Letter, we noticed an independent work from another group on a similar topic but based on a different method [19] . 
